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Abstract

We have investigated millimeter-wave fiber-fed
wireless systems using optoelectronic mixers based on
hetero-junction bipolar transistors and CMOS avalanche
photodiode. In addition, the CMOS integrated optical
receiver for the base station front-end has been
implemented and, with it, 60-GHz broadband data
transmission demonstrated.

Introduction

Recently, the demand for high quality multimedia
services has stimulated great interests for wireless
communication systems that can provide Gbps-level
transmission capacity. In particular, 60-GHz wireless
communication is very attractive because it can provide
large data throughput using the license-free wide-
bandwidth 60-GHz carrier. However, as the data rate
increases, wireless receivers usually demand increased
power and the coverage of each base station becomes
smaller, resulting in the increased number of base
stations. In addition, higher directivity of 60-GHz signals
can introduce larger shadowing areas. The fiber-fed
wireless system can solve these problems. With such
advantages of optical fiber as low loss, large bandwidth
and transparent characteristics, one central station with
centralized functionality can support large number of
base stations through fiber. Then, the antenna base
station can be greatly simplified for overall cost
reduction

The simplest scheme for fiber-fed wireless system can
be realized with the optical millimeter-wave
transmission technique [1]. In this scheme, the base
station only converts optically modulated millimeter-
wave signals to electrical signals for wireless
transmission. Although this method can simplify the
base station architecture, in high frequency applications
such as 60-GHz wireless communication, the cost can be
a problem since optical components operating at 60
GHz are too expensive as of yet. In another approach
called remote up-conversion technique [2], data signals
are transmitted through optical fiber in intermediate
frequency (IF) domain and frequency up-converted to
60-GHz band in base stations as shown in Fig 1. This
scheme can reduce the burden of high-speed optical
components.

One of the key components of the remote up-
conversion technique is the efficient and cost-effective
optoelectronic (O/E) mixer, which performs photo-
detection and frequency conversion functions

simultaneously. We have demonstrated O/E mixers with
high-speed electronic devices such as hetero-junction
bipolar transistors (HBTs) for 60-GHz applications [3].
HBT-based optically injection-locked oscillator has been
also demonstrated, which can utilize the optically
distributed local oscillator (LO) signals from central
station replacing the electrical LO source in base stations
[4]. As a more cost-effective solution, CMOS
technology has been employed. CMOS based 60-GHz
harmonic optoelectronic mixers and harmonic self-
oscillating mixers have been achieved, that are based on
nonlinearity of CMOS avalanche photo-diodes (APD) [5,
6]. The most significant advantage of CMOS technology
is its capacity for integration of optoelectronic devices
with electric circuits. A CMOS integrated optical
receiver having APD and trans-impedance amplifier
(TIA) was implemented and employed as the base
station front-end followed by an electrical up-conversion
mixer [7]. In this paper, fiber-fed wireless systems based
on these O/E mixers are briefly reviewed.
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Fig. 1. Configuration of fiber-fed wireless system using remote
up—conversion scheme.

O/E mixers based on InP HBT and CMOS APD

Fig. 2 shows a bi-directional fiber-fed wireless
realized with an InP HBT O/E mixer. The optical LO
signals having two optical modes separated by 60 GHz
are supplied from central station to the HBT O/E mixer
in base station resulting in photo-detected LO signals.
The optical IF signals are also optically injected into the
HBT O/E mixer, and photo-detected, amplified and
frequency up-converted to 60-GHz band by photo-
detected LO signals [3]. The uplink RF signals injected
into the HBT mixer are frequency down-converted to IF
band. Using this system, we have successfully
demonstrated bi-directional transmission of 20-Mb/s 16-
QAM signals in 60-GHz band including 30-Km fiber-
optic link and 3-m wireless link [3].

Fig. 3 shows a system using a 60-GHz CMOS
harmonic O/E mixer. The mixer was implemented with a
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Fig. 2. Schematic of bi-directional fiber-fed wireless system
based on frequency up/down conversion of HBT O/E mixer.

Si APD which provides photo-detection of 850-nm
optical signal with avalanche gain. With the reverse bias
voltage increases, avalanche gain increases due to the
enhanced electric field. Consequently, photo-detected IF
signals can be modulated by external LO signals. Our
harmonic O/E mixer can generate 60-GHz RF signals
with 30-GHz electrical LO and IF signal can be optically
injected into the device as shown in Fig. 3. Using the
harmonic O/E mixer in base station, we successfully
demonstrated downlink data transmission of 25-Mb/s 32-
QAM signals in 60-GHz band including 3-m multimode

fiber link [5].
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Fig. 3. Schematic diagram of 60-GHz harmonic O/E mixer
based on CMOS avalanche photo-diode.

Self-oscillating O/E mixers

A self-oscillating O/E mixer (SOM) is an upgraded
version of an O/E mixer. A self-oscillating mixer is
based on an oscillator and generates higher power LO
signals for higher conversion efficiency than a simple
O/E mixer. However, the LO signal generated in SOM is
a free-running oscillator with phase noises and frequency

drift, which can seriously affect phase modulated signals.

One solution is optical distribution of phase-locked LO
signals from central station as shown in Fig. 4. Because
the SOM can be locked by the injected LO signal and
can provide constant output, the SOM conversion
efficiency is not sensitive on optically injected optical
LO power. Using an InP HBT-based SOM as a harmonic
frequency up-converter and optical LO injection, we
demonstrated 60-GHz downlink transmission of 20-
Mbps 16-QAM data for wide range of optical LO power
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Fig. 4. Schematic diagram of 60 GHz fiber-fed wireless system
based on self-oscillating mixer and optical LO distribution.

from -11 to 0 dBm [4]. CMOS APD can be also used for
realizing the SOM. Using this, we demonstrated
downlink transmission of 25-Mb/s 32-QAM data
including 3-m multimode fiber and 1-m 60-GHz wireless
link [6].
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